Abstract. Previous studies on the association between alcohol intake and the risk of myelodysplastic syndromes (MDS) have been inconclusive. We conducted a meta-analysis to evaluate alcohol intake as a risk factor for MDS. We performed a systematic literature search of articles published before March, 2014 using Web of Science, PubMed and the Cochrane Library. Two evaluators independently selected and reviewed studies based on predetermined selection criteria. The fixed-or random-effects models were used to summarize the estimates of odds ratios (ORs) with 95% confidence intervals (CIs). A total of 9 studies (8 case-control and 1 cohort) met the inclusion criteria of this meta-analysis. No significant association was observed between alcohol consumption and MDS when comparing drinkers to non-drinkers (OR=1.16, 95% CI: 0.88-1.53) or between subgroups stratified by alcohol history, gender, ethnicity, study design, source of patients or MDS subtypes. However, the data indicated a stronger association of alcohol with MDS in individuals who consumed ≥10 g/day (OR=1.55, 95% CI: 1.08-2.21) vs. those who consumed <10 g/day (OR=1.09, 95% CI: 0.78-1.53). This meta-analysis suggests that alcohol intake may increase the risk of MDS in a dose-dependent manner. However, additional well-designed, prospective cohort studies are required to verify these findings and identify other risk factors associated with MDS.
Introduction
Myelodysplastic syndromes (MDS) are disorders characterized by ineffective bone marrow hematopoiesis, clonal proliferation of hematopoietic stem cells and increased apoptosis (1), resulting in peripheral cytopenias. The incidence of MDS increases with age and it is most prevalent in male Caucasians. A recent study using the SEER-Medicare database revealed that the incidence of MDS was as high as 75 per 100,000 individuals aged ≥65 years; however, the incidence was <5 per 100,000 individuals aged ≤50 years (2) . With the growth of the aging population worldwide, the MDS burden of disease is expected to escalate in the near future. To date, the most definitive risk factors for MDS are age, ethnicity and smoking (3, 4) . However, clear differences between ethnic and geographical populations have yet to be defined. Hence, further investigation of additional risk and protective factors is required to improve prevention and early diagnosis of MDS.
Alcohol consumption is commonly practiced worldwide. Alcohol is associated with certain diseases and is estimated to account for 3.2% of all cancer cases and 5% of cancer-related deaths worldwide (5) (6) (7) . In epidemiological studies, including cohort and case-control studies, the possible association between alcohol intake and the risk of MDS has been investigated, but the findings are inconclusive. Two case-control studies reported a positive correlation between alcohol intake and MDS (8, 9) , whereas 6 case-control studies reported a non-significant association between the two (10) (11) (12) (13) (14) (15) . By contrast, one prospective cohort study suggested that alcohol consumption may decrease the risk of MDS (16) . These conflicting reports are reflective of the complex effects of alcohol consumption on the human body, as well as the heterogeneity of the parameters used among the different studies. We performed a meta-analysis of all relevant published literature in order to better define the association between alcohol consumption and MDS.
Materials and methods
Literature research. A systematic literature search was conducted by two independent reviewers (Chao Hu and
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A meta-analysis of epidemiological studies Study selection. The studies included in this meta-analysis were required to meet all the following criteria: i) cohort or case-control studies; ii) the exposure of interest was alcohol intake; iii) the outcome of interest was MDS; iv) risk and corresponding 95% confidence intervals (CIs) were reported or could be calculated from the data; and v) the identified studies were written in the English language. If there were multiple publications from the same study or overlapping study populations, only the study with the largest number of cases was included in the meta-analysis.
Data extraction. The following data were extracted from each study and included in the final analysis: first author's name, year of publication, country of origin, gender, age, study design, source of patients, number of cases/controls, risk factor assessment, matching and adjusted covariates. We contacted the corresponding authors of the primary studies for missing information when necessary. As MDS is a rare disease, the relative risk in prospective cohort studies is approximately equivalent to the odds ratio (OR) (17) . This allows data from cohort and case-control studies to be combined and OR to be used as a measure of outcome (18) . Data extraction was performed independently by two reviewers using a predefined data collection form. To resolve any discrepancies, a third reviewer also extracted the data and the results were attained by consensus. The quality of each study was appraised independently by two reviewers who used the nine-score Newcastle-Ottawa Scale (19) .
Statistical analysis.
A fixed-effects model with the method of Mantel-Haenszel was used to calculate a pooled OR with 95% CI when there was no heterogeneity (20) . Otherwise, the random-effects model with the method of DerSimonian and Laird (21) was used for pooling ORs. Heterogeneity was assessed by using the Q statistic and the I 2 score. P>0.05 for the Q-test was considered as a lack of heterogeneity among the studies. While publication bias was not expected, we assessed this possibility using Begg's funnel plots (rank correlation method, where an asymmetrical plot indicated a possible publication bias) (22) and Egger's bias test (linear regression method, where P<0.05 suggested the presence of statistically significant publication bias) (23) . A sensitivity analysis was conducted by sequential omission of studies under various contrasts to reflect the effect of individual data on the pooled ORs and evaluate the stability of the results. Stratified analyses were performed by alcohol history, gender, ethnicity, study design, sample source, disease subtype and quantity of alcohol per day. All the statistical analyses were conducted with STATA 11.0 software (StataCorp, College Station, TX, USA) using two-tailed P-values. P<0.05 was considered to indicate a statistically significant difference.
Results
Literature search and study characteristics. The detailed steps of our literature search are illustrated in Fig. 1 . A total of 9 studies were selected for the present meta-analysis, including 1 prospective cohort (16) and 8 case-control studies (8) (9) (10) (11) (12) (13) (14) (15) published between 1991 and 2011. These studies were conducted in the following regions: United States (n=4), Europe (n=2) and Asia (n=3). A total of 1,448 MDS patients were included in this meta-analysis. Information regarding alcohol intake was collected by interviews, self-administered questionnaires, or both. The study quality scores, evaluated by the Newcastle-Ottawa Quality Assessment Scale, ranged between 6 and 8 (with a mean of 6.7). The general characteristics of the 9 studies are summarized in Table I .
Risk assessment. There was no significant association between alcohol consumption and MDS when comparing individuals with any history of alcohol consumption to non-drinkers (OR=1.16, 95% CI: 0.88-1.53) (Fig. 2) . A statistically significant heterogeneity was found among the 9 studies (P=0.001) and, thus, a random-effects analysis was performed (I 2 =70.0%). For the sensitivity analysis, the effect of any single study on the overall estimate was assessed by repeating the meta-analysis while omitting one study at a time. The results indicated that no study considerably affected the summary of the risk estimate. The 9 study-specific ORs ranged from 0.98 (95% CI: 0.85-1.14) to 1.25 (95% CI: 0.93-1.68) when the studies by Pekmezovic et al (8) and by Ma et al (16) were omitted, respectively (Fig. 3) .
Begg's and Egger's tests were used to assess the publication bias (Fig. 4) . No publication bias was identified by either test (P=0.251 and P=0.170, respectively).
Subgroup analyses. Stratified group analyses were performed for the following subgroups: drinking status (current or former drinkers), gender, ethnicity (Asian or Caucasian), study design (case-control or cohort), patient source (population- Table II . There were no significant differences between the subgroups. However, when we analyzed the amount of alcohol ingested per day, we observed a statistically significant hazardous effect on MDS (OR=1.55, 95% CI: 1.08-2.21) with mild heterogeneity (I 2 =16.2%) when the consumed amount of alcohol was ≥10 g/day. There was no publication bias in the subgroup analyses with either the Begg's or Egger's test.
Discussion
MDS are myeloid neoplasms characterized by dysplasia in one or more cell lines, with a significant impact on quality of life and survival (24) . The pathophysiology of MDS has not been fully elucidated. Alcohol consumption is a common practice worldwide and previous epidemiological studies have suggested that daily alcohol intake may be a risk factor for MDS; however, findings to date have been inconclusive. We attempted to clarify this potential association through a meta-analysis of 9 studies. In this meta-analysis, there was a non-significant 16% risk of MDS with alcohol intake. Subgroup analyses also failed to demonstrate any significant correlations, except with an alcohol consumption of ≥10 g/day. Those individuals exhibited a 55% increased risk of MDS.
The effect of alcohol and its role in MDS is likely multifactorial. Our meta-analysis attests to the complicated nature of the mechanisms by which alcohol consumption may be involved the pathogenesis of MDS, which remain largely unknown at present. Several potential mechanisms have been proposed. First, alcohol may exert a direct toxic effect by causing bone marrow failure (25) . Second, alcohol or one of its metabolites, such as methyl parathion, may induce chromosomal aberrations in hematopoietic cells (26) . Third, hematological and immunological changes are known to be associated with alcohol. Alcohol was found to impair both the innate and acquired immune systems in heavy drinkers, thus increasing their susceptibility to infection (27) . However, alcohol consumption may exert beneficial effects as well. In light-to-moderate drinkers, a recent study reported that alcohol may be beneficial for the immune system (27) . At the molecular level, xanthohumol, a major prenylated flavonoid present in hops and beer, attracted considerable interest due to its latent cancer chemopreventive effect (28) . In addition, resveratrol, an antioxidant found in the skin of grapes and abundant in red wine, has been shown to negatively affect initiation, promotion and progression of different types of cancer, including leukemia, in in vitro and in vivo studies (29, 30) . Since MDS shares several characteristics with leukemia (31), resveratrol may also decrease the risk of MDS. Indeed, one recent study reported that wine drinkers had a 46% reduced risk of MDS (11) . Hence, the effects of alcohol consumption may be dependent on the dose and type of alcoholic beverages. However, further studies are required to elucidate the underlying mechanisms.
The major strength of our meta-analysis is the number of large studies selected for review and analysis. This also allowed us to have enough data to perform multiple subgroup analyses. However, as with all meta-analyses of observational studies, our study had several limitations. First, the majority of the studies included in our meta-analysis were case-control studies, which depended on retrospective data, thus introducing the possibility of recall bias. Furthermore, combining data from different study designs may also be a source of bias. Second, the inclusion of articles only published in the English language may be a source of publication bias, despite the fact that by Begg's or Egger's tests, our results exhibited no evidence of publication bias. Third, there were three major types of alcoholic beverages (beer, wine, or spirits), which may exert different effects on MDS patients. However, the majority of the studies included in our analysis provided general data on alcohol drinking rather than detailed information on the specific types of alcoholic beverages. Fourth, our meta-analysis was likely affected by the inaccuracy of self-reported alcohol consumption. Alcohol intake was recorded as number of glasses of beverage per day or week. However, glass size may vary considerably. Moreover, the accuracy of self-reported alcohol use has been known to be highly variable as well and one must consider telescopic or recall bias when evaluating this type of data.
In summary, our meta-analysis suggests that alcohol intake may increase the risk of developing MDS in a dose-dependent manner and heavy alcohol consumption is associated with a higher risk of MDS. Due to the limited number of studies, additional well-designed cohort or intervention studies are required to confirm these findings and help elucidate the pathophysiology of MDS.
